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Abstract The paper presents an overview of the sustainability principles applied to 
biofuels analysis. Sustainable biofuel production is economically competitive, conserves the 
natural resource base, and ensures social well-being. There is a strong trend to look for 
fossil fuel substitutes; nowadays the leading option seems to be the biofuels. In terms of 
environmental sustainability, the most promising effects are related with emissions of 
particulate matter and GHG. The economic dimension of sustainability is positive to the 
agriculture sector, but at the same time biofuel production will mean raising prices of the 
food market. Moreover, biofuels do not constitute a path to avoid increasing in local fuel 
prices by international fluctuation of fossil fuel prices. Social sustainability is not clearly 
positive or negative as well. Depending on operational conditions such, agrochemical use, 
land rotation, source of energy to feed the process, and security measures for leakages, the 
sustainability can vary strongly existing possibilities to improve the whole system. 
 




In the last decade a great number of studies have been carried out on the 
possible use of biofuels in order to reduce greenhouse gas emissions (Demirbas, 
2009; Demirbas, 2008). Biofuel production has regional and global implications on 
food, fiber, and feed production and for the provision of ecosystem services such as 
soil and water quality and biological diversity (US EPA, 2002; Dorado, 2003). 
Choices of biomass feedstocks, cultivation and harvesting practices, and 
technological changes could have a variety of potential impacts. Growth of the 
biofuel sector will take place in a dynamic fashion influenced by changing 
environmental, economic, societal, and technological factors (UN 2006, Demirbas, 
2008 b).  
There are many benefits for the environment, economy, and consumers in 
using biofuels. The advantages of biofuels such as biodiesel, vegetable oil, 
bioethanol, biomethanol, and biomass pyrolysis oil as engine fuel are liquid nature-
portability, ready availability, renewability, higher combustion efficiency, lower 
sulfur and aromatic content, and biodegradability. The biggest difference between 
biofuels and petroleum feedstocks is oxygen content. Biofuels have oxygen levels 
from 10-45% while petroleum has essentially none making the chemical properties 
of biofuels very different from petroleum. Oxygenates are just pre-used 
hydrocarbons having structure that provide a reasonable antiknock value. Also, as 
they contain oxygen, fuel combustion is more efficient, reducing hydrocarbons in 
exhaust gases. The only disadvantage is that oxygenated fuel has less energy 
content.  
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The term “sustainability” has been defined in many ways; common to these 
definitions is the theme of meeting the needs of present and future generations 
(Balat, 2009; Zhang et al., 2003; Bressan, 2006; Coronado, et al., 2009). Sustainable 
biofuel production is economically competitive, conserves the natural resource base, 
and ensures social well-being. The sustainability of biofuels spans environmental, 
economic, and social dimensions that interconnect (Kim, 2008, Cardone, et al., 
2009). 
In December 2008, EU leaders reached agreement on a new Renewable 
Energy Directive, which requires the 27 member countries of the EU to satisfy 10 
percent of its transport fuel needs from renewable sources, including biofuels, 
hydrogen, and green electricity, by 2020 (EurActiv LinksDossier). The directive 
also established sustainability criteria for biofuels.  It obliges the bloc to ensure that 
biofuels offer at least 35 percent carbon emission savings compared to fossil fuels. 
The figure rises to 50 percent as of 2017 and 60 percent as of 2018 (EurActiv 
05/12/08). 
Currently biofuels meet a variety of human needs, including: Energy for 
mobility using existing infrastructure; Energy for electricity, and domestic heating; 
cleaner atmosphere from reduced emissions; national security by using more local 
energy production; poverty alleviation, as biofuels could provide greater income for 
the agricultural sector, employment in rural areas, and community development 
(Dorado et al., 2003; Cardone, 1998; IEA 2007). Additional needs met by other 
products from biofuels and associated co-products include: paint; lubricants; 
bioplastics; biopolymers; pesticides; glycerine; organic fertilizers; and also biomass 
for electricity generation. Many arguments against the production and use of 
biofuels for transportation include the competition posed by energy crops for food 
crops (Tillman, 1999), competition of small farmers with large agri-energy 
corporations (Kaltner, et al. 2005), and deforestation resulting from land clearing for 
energy crops (13). There is also the debate that they should not be produced for 
transportation at all, but rather for domestic heating where the opportunity for 
reduction of GHG emissions is greater (Azar, 2000). 
 
MATERIAL AND METHOD 
 
Issues associated with our dependence on fossil fuels, such as energy 
security, and green house gas (GHG) emissions, has driven global interest in the 
displacement of fossil fuels by biofuels. Demand for transportation energy is 
expected to increase the most in the coming decades, over electricity or industrial 
uses (IEA 2004), and this demand will largely be for liquid fuels. Biofuels do 
present an opportunity to displace fossil fuel use in meeting some of the energy 
demand for current transportation needs, and a solution to the challenge of 
transitioning to a sustainable society. The Thematic Strategy on Air Pollution sets 
out a number of goals for the reduction of air pollution in the EU and forms part of 
the Kyoto strategy of the EU, which is based on convergent action involving 
industry, transport, energy, housing and agriculture. 
The DIRECTIVE 2009/28/EC OF THE EUROPEAN PARLIAMENT AND 
OF THE COUNCIL of 23 April 2009, on the promotion of the use of energy from 
renewable sources and amending and subsequently repealing Directives 2001/77/EC 
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and 2003/30/EC specify that: ♦By 2020, 20 % share of RES in final energy 
consumption, 20 % increase in energy efficiency; ♦10 % target for RES in transport 
in each Member State; ♦National Renewable Energy Action Plans required by June 
2010; ♦Burden sharing for RES targets except transport; ♦Harmonised approach 
with Fuel Quality Directive; ♦No biofuels from carbon rich or biodiverse land; ♦EC 
has to report on compliance with environmental and social sustainability criteria of 
major biofuel exporting countries; ♦Minimum GHG reduction for biofuels 35 % 
and 50 % from 2017 on; 60 % for new installations from 2017 on. For plants 
operating in Jan 2008 GHG requirement will start in Apr 2013; ♦Bonus of 29 g 
CO2/MJ for biofuels from degraded/contaminated land; ♦EC proposal for 
incorporating indirect land use changes by the end of 2010; special clauses for plants 
built before 2013; ♦Biofuels from waste, residues, non food cellulosic material, and 
lignocellulosic material will count twice for RES transport target; ♦Mass balance 
approach for certification of sustainability; ♦EC will negotiate bilateral and 
multilateral agreements; ♦Establishment of a committee for sustainability of 
biofuels All of the production stages between the extraction of raw materials and the 
regional distribution depot are presented in Table 1.  
Table 1 
Production stages between the extraction of raw materials and the regional 
distribution depot 
 
Conventional fuels Biofuels 
Crude oil production Cultivation (input and fuel consumption) 
 
Crude oil transport Feedstock transport to biofuel production plants 
Refining (taking into account the 
methanol and isobutene production) 
 
Industrial processing (energy, raw material 
consumption and greenhouse gas emissions ) 
Synthesis of FAME and ETBE products (taking into 
account the methanol and isobutene production) 
Distribution from the refinery to the 
distribution depot 
Product transport to depot before distribution 
 
There are many eco-benefits to replacing oil with biofuels like bioethanol 
and biodiesel. For one, since such fuels are derived from agricultural crops, they are 
inherently renewable and our own farmers typically produce them domestically, 
reducing our dependence on unstable foreign sources of oil. Additionally, ethanol 
and biodiesel emit less particulate pollution than traditional petroleum-based 
gasoline and diesel fuels. They also do not contribute to global warming, since they 
only emit back to the environment the carbon dioxide (CO2) that their source plants 
absorbed out of the atmosphere in the first place. 
Environmental sustainability embraces the aspects that put pressure over the 
environment, generating a risk to preserve the environmental conditions that allow 
keeping the ecosystems services in long term. Economic sustainability is associated 
to welfare creation (growth), through the economic resources availability. The social 
dimension comprises the aspects that allow the people to increase living standards 
and to have better quality of life. Environmental sustainability embraces the aspects 
related with, the natural conditions of the country or locality, resources exploitation, 
utilization of ecological services and as well with the elements that form the 
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biosphere (the common goods). The four dimensions of environmental sustainability 
research are (1) soil resources and greenhouse gas emissions; (2) water quality, 
demand, and supply; (3) biodiversity and ecosystem services; and (4) integrated 
landscape ecology and feedstock production analysis. 
Economic sustainability is concerned with the possibility of growth, but this 
growth must have consideration of the other dimensions of sustainability. Within a 
system where the variables are interlinked, the changes in one sector can have 
influence over the others. In the case of biofuels, the production efficiency has to 
deal with production costs (economic dimension), but at the same time the rate of 
use of the feedstock (environmental dimension). The first stage in the biofuels chain, 
the raw material production depend on crops yields. This subject has influence on 
the economic, environmental and social aspects, generating a link among the 
dimensions. Land availability and agricultural product prices are related with raw 
material supply, a key aspect for biofuel supply continuity and the energy security 
aim. 
Social sustainability looks for the proper quality of life (living standards, 
health, dignified life and social cohesion and integration), which depend on the 
environmental and economic factors. The environmental positive externalities of 
biofuel use have not only impact on nature; they have a relation with people’s 
quality of life. The emissions reduction leads to reduce the morbidity and mortality. 
If biofuels can contribute to decreases in PM and GHG emissions, they will have a 
positive effect on social sustainability. However the increasing of aldehyde 
emissions (in ethanol-gasoline blends), could bring a potential damage to the 
society. Besides the previous factors that are related with health aspects, there are 
other aspects associated with human well being. The level of income is a direct 
factor over the quality of life that people can achieve. The expected improvement in 
farmers’ economic situation due to higher prices on the agricultural products, would 
lead to improvements to their life conditions and at the same time decrease the rural-
urban migration. 
RESULTS AND DISCUSSION 
 
Biofuels include energy security reasons, environmental concerns, foreign 
exchange savings, and socioeconomic issues related to the rural sector (5, 17). The 
greenhouse gas emissions balance is restricted to five fluxes, namely: fossil CO2, 
biomass CO2, fossil CH4, biomass CH4, N2O. The CO2 emitted in the atmosphere 
during the combustion of biomass products does not contribute to the greenhouse 
effect. Actually, this emitted carbon had been previously absorbed from the 
atmosphere by the plant during its growth. On the contrary, at variance with biomass 
originated CO2 emissions, the emissions of biomass originated CH4 contribute to the 
greenhouse effect. This is because the plant fixes the carbon only as CO2. 
Potential land use changes are one of the central conflict areas in producing 
biofuel feedstocks. Since biofuel feedstocks can be used to create products other 
than bioenergy (i.e. food, animal feed, cosmetics, bio-plastics, building material 
etc.), sustainability issues have to be seen in the wider context of biomass 
production, which is strongly influenced by general trends concerning agricultural 
and forestry land use. Important factors for the size of land available for bioenergy 
production are: population growth, changes in diet (a change towards more meat 
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consumed will decrease land available for bioenergy production), nature 
conservation requirements, degradation and salinisation of currently cultivated land 
etc. At the same time, demand for wood products will increase world-wide  
 In principle, current agricultural production and management for food and 
feed crops have comparable impacts on farmland biodiversity as bioenergy cropping 
does. In most European countries, agriculture is one of the most important land use 
activities and it was identified as a major impacting sector on biodiversityThe 
overall increased food production in Europe has caused many negative impacts on 
the environment because of the associated intensification of land use. All 
environmental pressures from agriculture are therefore also linked directly and 
indirectly to biodiversity. Intensification shows a heavy impact on farmland 
biodiversity but also abandonment of agricultural land use has an adverse effect on 
biodiversity (EAA, 1999 and 2005). This process of polarisation, in which 
abandonment of use and an increase in cropping intensity can be found within the 
same region, poses a threat to biodiversity, especially in semi-natural areas created 
by extensive livestock farming. 
The impacts of land use and land use change can be divided into direct and 
indirect impacts on biodiversity. Direct impacts, such as habitat fragmentation, 
habitat diversification, changes in canopy structure and soil cover, are directly 
linked with biofuel cropping, whereas indirect impacts include all environmental 
effects, such as eutrophication, acidification, water balance effects, etc., that have 
impacts on broader areas including adjacent land. The most severe impacts, 
however, are impacts occurring due to indirect land use change. Since part of the 
high energy demand in Europe has to be replaced by renewable energy (according to 
EU targets) and since there is limited land potential and/or it is less economical to 
bring additional land into arable use in Europe for biomass production, international 
imports of biomass play a major role. Effect of biomass cropping on biodiversity 





The benefits of biofuels over traditional fuels include greater energy 
security, reduced environmental impact, foreign exchange savings, and 
socioeconomic issues related to the rural sector. Furthermore, biofuel technology is 
relevant to both developing and industrialized countries. Sustainable production of 
biofuels requires methods to deal with various complex social, ecological and 
economic activities, serving to guide planning and production processes towards 
sustainability. Biomass appears to be an attractive feedstock for three main reasons. 
First, it is a renewable resource that could be sustainably developed in the future. 
Second, it appears to have formidably positive environmental properties resulting in 
no net releases of carbon dioxide and very low sulphur content. Third, it appears to 
have significant economic potential provided that fossil fuel prices increase in the 
future. 
Biomass produced for food, fodder, fibre, building material and energy 
depends often on similar land requirements. Agricultural and forestry land plays a 
particular role. All efforts towards a more sustainable supply of biofuels should 
therefore be closely linked to policy instruments aiming towards a more sustainable 
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agriculture and forestry in general. This is particularly necessary, since world-wide 
pressures on land, biodiversity, soil etc. mainly result from unsustainable agriculture 
and forestry products dedicated to the provision of food, fodder and fibre and not 
only biofuels. 
Current energy policies address environmental issues including 
environmentally friendly technologies to increase energy supplies and encourage 
cleaner, more efficient energy use, and address air pollution, greenhouse effect, 
global warming, and climate change. The biofuel policy aims to promote the use in 
transport of fuels made from biomass, as well as other renewable fuels. The central 
policy of biofuel concerns job creation, greater efficiency in the general business 
environment, and protection of the environment. Projections are important tools for 
long-term planning and policy settings. 
 Renewable energy sources that use indigenous resources have the potential 
to provide energy services with zero or almost zero emissions of both air pollutants 
and greenhouse gases. Biofuels are expected to reduce dependence on imported 
petroleum with associated political and economic vulnerability, reduce greenhouse 
gas emissions and other pollutants, and revitalize the economy by increasing 
demand and prices for agricultural products. 
All stakeholders including industry, government, NGOs, and educational 
institutions have a role to play in ensuring the biofuels industry develops 
sustainably. Industry could adopt sustainable agricultural practices that both protect 




1. Azar, C., K. Lindgren and B. Andersson (2000) Hydrogen or methanol in the 
transportation sector—a global scenario study. Report to The Swedish Transport and 
Communications Research Board. http://frt.fy.chalmers.se/PDF-
docs/CA/KFB_final_March_17.pdf  
2. Balat, M, (2009). New biofuel production technologies, Energy Educ Sci 
Technol Part A 22 pp. 147–161. 
3. Bressan, A. (2006). The Agroenergy as an energetic option: The Brazilian case. 
Seminario Agroenergía – Biocombustibles, Santiago de Chile. July 27th and 28th. Available 
on line, http://www.cne.cl/hidrocarburos/f_biocombustibles.html 
4. Cardone, M., M.V. Prati, V. Rocco and A. Senatore (1998). Experimental 
analysis of performances and emissions of a diesel engines fuelled with biodiesel and diesel 
oil blends. In: Proceedings of MIS–MAC V, Roma;  pp. 211–25 
5. Coronado, C.R., J.A. de Carvalho Jr. and J.L. Silveira (2009). Biodiesel CO2 
emissions: a comparison with the main fuels in the Brazilian market, Fuel Process Technol 
90, pp. 204–211 
6. D. Dwivedi, A., A., M. Sharma (2006). Particulate emission characterization of 
a biodiesel vs diesel-fuelled compression ignition transport engine: A comparative study. 
Atmospheric Environment 40 (2006), pp. 5586–5595 
7. Demirbas, A. (2008). Biofuels sources, biofuel policy, biofuel economy and 
global biofuel projections, Energy Convers Manage 49, pp. 2106–2116 
8. Demirbas, A., (2008), Economic and environmental impacts of the liquid 
biofuels, Energy Educ Sci Technol 22, pp. 37–58 
9. Demirbas, C. (2009). The global climate challenge: recent trends in CO2 
emissions from fuel combustion, Energy Educ Sci Technol Part A 22, pp. 179–193.  
Agricultura – Ştiinţă şi practică                                                                                                                                                   nr.  3-4 (75-76)/2010 
 
 74 
10. Dorado, M.P., E.A. Ballesteros, J.M. Arnal, J. Gomez and F.J. Lopez, (2003), 
Exhaust emissions from a Diesel engine fueled with transesterified waste olive oil, Fuel 82, 
pp. 1311–1315. 
11. Kaltner, F.J.  et al. (2005). Liquid Biofuels for Transportation in Brazil, 
Potential and Implications for Sustainable Agriculture and Energy in the 21st Century. 
www.fbds.org.br/IMG/pdf/doc-116.pd 
12. Kim H. and B. Choi (2008). Effect of ethanol–diesel blend fuels on emission 
and particle size distribution in a common-rail direct injection engine with warm-up catalytic 
converter, Renew Energy 33, pp. 2222–2228 
13. Tillman, D. (1999). Global environmental impacts of agricultural expansion: 
The need for sustainable and efficient practices, Proceedings National Academy of Sciences 
(USA) 96: pp 5995-6000 
14. UN (United Nations) (2006). The emerging biofuels market: regulatory, trade 
and development implications. United Nations conference on trade and development, New 
York and Geneva,. 
15. Zhang, Y., M.A. Dub, D.D. McLean, M. Kates (2003). Biodiesel production 
from waste cooking oil: 2. Economic assessment and sensitivity analysis, Bioresour Technol 
90, pp. 229–240. 
16. IEA (International Energy Agency). Biodiesel statistics. IEA energy technology 
essentials, OECD/IEA, Paris, January; 2007 
17. US Environmental Protection Agency (EPA), (October 2002), A 
comprehensive analysis of biodiesel impacts on exhaust emissions. Draft technical report, 
EPA420-P-02-001. 
